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ABSTRACT 
Fifteen preterm infants in the Newborn Intensive Care Unit, 
University of Utah Medical Center, were studied in an attempt to 
describe the middle component response (8-50 msec poststimulus) of 
the auditory evoked potentials. Five of the preterm infants had 
intraventricular hemorrhage (IVH) without severe birth asphyxia. 
Their middle component response was compared with the middle 
component response of ten preterm infants who did not have IVH or 
severe birth asphyxia (Group II). 
The middle component responses of these two groups were 
elicited by both click and tone stimuli. Both groups were tested 
after 34 weeks of age by birth dates while they were observed as 
being asleep. The middle component responses, peaks Po, Na, Pa, 
and NB, were described according to mean, range, and standard 
deviation. There was no significant statistical difference be-
tween the middle component response of the preterm infant with IVH 
compared with the preterm infant without IVH using paired l-test 
analysis. It was a subjective finding of the study that the tone 
pip stimuli elicited a "clearer" response than did the click 
st"imul i. 
The investigator concluded that there was no significant 
statistical difference between the middle component response of 
preterm infants with IVH and preterm infants without IVH. It is 
recommended by the investigator that a larger sample be obtained to 
study the middle component response more extensively in preterm 
infants. 
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CHAPTER I 
INTRODUCTION AND REVIEW OF LITERATURE 
Introduction 
Auditory evoked potentials provide an objective measurement of 
assessing auditory and neurological function. This objective mea-
surement is especially important in groups in which a behavioral 
response cannot be elicited with reliability. Studies involving 
auditory evoked potentials over the past thirty years have proven 
the reliability of these responses and delineated the origin of the 
responses. For example, the response which occurs in the first 8 
milliseconds (msec) poststimulation is known as the auditory brain 
stem response (ABR) or the early component. This response has been 
used extensively to diagnose brain stem function and, in more recent 
years, to assess auditory function in the high risk preterm infant 
(Gibson, 1980). 
The middle component occurs 8 to 50 msec poststimulation. This 
response in preterm infants who have not had intraventricular 
hemorrhage (IVH) or severe birth asphyxia and in infants who have 
had intraventricular hemorrhage was the focus of this study. This 
component was first described by Geisler, Frishkopf, and Rosenblith 
in 1958 (Harker, Hesick, Voots, & Mendel, 1977). These waves are 
probably generated in the midbrain as a primary response of the 
cortex (Davis & Silverman, 1978). In adults, this component has been 
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found to be particularly sensitive to low intensity level stimuli 
and may be a better indicator of this level of hearing than the ABR. 
It has been suggested the middle component be obtained in addition 
to the ABR to assess hearing (Musiek & Glurkink, 1981). Mendel, 
1978, has also suggested the use of the middle component in addition 
to the ABR to assess hearing. 
Problem Statement 
The problem identified for this study was to compare middle 
component responses of the auditory evoked potentials of preterm 
infants who did not have IVH or severe birth asphyxia with the 
middle component responses of the auditory evoked potentials of the 
preterm infants who had intraventricular hemorrhage. 
Purpose 
The purpose of this study was to describe the middle components 
of the auditory evoked potential of the preterm infant who did not 
have IVH or severe birth asphyxia compared to the preterm infants 
who had intraventricular hemorrhage. This event had not previously 
been described in the literature. 
Review of Literature 
Auditory Pathway 
The auditory nerve emerges from the internal auditory meatus at 
the level of the medulla. It constitutes one portion of the eighth 
cranial nerve and leads to numerous neuronal channels. Many of the 
neuronal groups they include are not clearly understood and the ways 
the channels interact with each other and areas of the brain are not 
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clearly defined. Neural impulses initiated at the cochlea reach the 
cortex by the classical auditory pathway and also by other routes 
outside the main line. This paper will describe the classical audi-
tory pathway but the complexity of other pathways also affect this 
system (Eisenberg, 1976). 
The cochlea is the receptor organ for hearing. It contains 
15,500 differentially innervated hair cells. These differentiated 
hair cells comprise the internal and external layers along the basi-
lar membrane (Eisenberg, 1976). 
This membrane follows the coil of the cochlea from 
base to apex and differs in elasticity and other 
properties. The areas of maximum vibrations along 
its length are frequency dependent, the high frequen-
cy tones producing maximum vibrations at the basal 
end, and low frequency tones producing them at the 
apical end. Electrical impulses in the auditory 
nerve have been found to be synchronous with frequency 
(Eisenberg, 1976, p. 44). 
Ascending fibers of the classical pathway, bundled together in 
the spiral ganglion as they leave the cochlea, follow a main route 
from their first central way stations in the cochlear nuclei. They, 
then, enter the lateral lemnisci, either directly or after relaying 
in the superior olivary complex. Fibers of the lateral demniscus, 
which often relay in scattered nuclei along their paths eventually 
ascend further to the inferior colliculus and medial geniculate 
body, thence forming the acoustic radiations to primary auditory 
cortices in the transverse gyn of the temporal lobes. The ratio of 
in input fibers to subcortical cells is 1:33 at the medial genicu-
late (thalamic 1 level), and, by the time the primary auditory 
cortex, with its 100 million neurons, is reached, this ratio of 
input fibers to cells increases 1:3,300. There are extensive 
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differences in structure and organization within individual nuclei 
of the auditory system which results in a signal that reaches the 
cortex and is constituted of something very different from the sound 
going into the ear (Eisenberg, 1976). 
Auditory Evoked Potentials 
The value of auditory evoked potentials (AEPs) has been estab-
lished over the past thirty years from the work of scientists and 
clinicians (Gibson, 1980). The AEPs provide a means of estimating 
hearing as a method of diagnosis assisting to reveal the cause of an 
audiological or neurological defect, and as a means of monitoring the 
effect of drugs, chemicals, gases, surgery, or some other influence 
upon the auditory mechanism (Gibson, 1980). It provides an objective 
type hearing test especially important in infants, children, those 
who are mentally retarded, and those difficult to assess using con-
ventional means. AEPs are also useful in adults with an impaired 
ability to give voluntary responses and patients with suspected non-
organic hearing loss (Gibson, 1980). 
There are several different potentials that can be recorded in 
humans. The early component (0 to 8 milliseconds) after the response 
is known as the auditory brain stem response (ABR). These are cur-
rently attracting the attention of audiologists and neurologists 
alike. They were first recorded in 1967 by Sohmer and Feenmesser. 
The first wave originates from the eighth cranial nerve. Wave III is 
from the superior olivary complex and wave V from the inferior col-
licus mainly from crossed projections (Gibson, 1980) (see Appendix 
A). In more recent years, ABRs have been used in the high risk 
preterm infant as a screening technique to assess hearing and to 
assess brain stem function. 
The middle component (MC) occurs 8 to 50 milliseconds (msec) 
poststimulus. The origin is thought to be from the thalamus and 
primary auditory complex (Gibson, 1980). The middle component 
response will be described in further detail. 
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The slow cortical responses or potentials (SCP) (50 to 500 
milliseconds) were the first auditory potentials studied. They were 
first described in 1939. Twenty-four years later, averaging and 
summating techniques were used to describe the SCPo During the 
1960s there was considerable enthusiasm for the use of SCP in the 
assessment of hearing in children. It has been found that sleep and 
sedation interfere with these r~sponses. The exact origin of this 
potential is uncertain. The components N1, P2, and N2 represent a 
widespread activation of the frontal cortex. Peak P3 appears to re-
flect the certainty of the subject as he responds to a particular 
task requiring judgment. These are not used with children under 
seven years of age. The use of SCPs for neurological or otological 
diagnosis is nonexistent at present as the complex origin of the 
potentials and their considerable interest and interperson variabil-
ity makes interpretation 'impossible. It has value as a medicolegal 
test (Gibson, 1980) (see Appendix B). 
Auditory Evoked Potential -
The Middle Component 
In 1958, Geisler, Frishkopf, and Rosenblith first described the 
auditory evoked potential in the time frame 8 to 50 seconds post-
stimulus as the middle component (Harker, Hesick, Voots, & Mendel, 
1977). These waves are probably generated in the midbrain and as 
the primary response of the cortex (Davis & Silverman, 1978). Al-
though the middle component was the first audio-evoked potential to 
be described, there has been controversy over a possible myogenic 
origin rather than neurogenic origin of the response. This theory, 
of a possible myogenic origin as well as lack of information of the 
specific origin of the middle component response, has been a source 
of controversy, and extensive data collection has proven the neural 
origin of the middle component (Mendel, 1978). Although myogenic 
activity can be recorded in this time frame, Mendel argues that 
middle components obtained from relaxed subjects in response to 
moderate or low level stimuli are neural in origin (Mendel, 1978). 
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A study of the influence of succinylcholine on middle components 
showed the response continued to be recorded even after the patient 
was paralyzed (Harker, Hesick, Voots, & Mendel, 1977). "Currently 
middle components have been shown to be stable in normal resting 
subjects free of muscle activity. The extensive normative data 
gathered in the laboratory have confi.rmed that the middle component 
was stable in every adult tested" (Ozdamar, Kraus, & Curry, 1982, p. 
224). In adults, the middle component has been found to be both 
stable and reliable even during sleep and under sedation. Previous 
investigators have shown that middle components could also be elici-
ted from neonates (36 to 72 hours of age) (Wolf & Goldstein, 1978). 
The middle component's neural origin is thought to arise from 
the medial geniculate body and from the primary auditory cortex 
(Gibson, 1980). "Possible source generators for the middle latency 
components reside in the thalamus, primary auditory cortex, and 
association cortex. Human auditory evoked potentials recorded from 
the scalp thus reflect brain activity from the cochlea to cortex" 
(Picton, Hillyard, & Galambos, 1974, p. 188). The medial geniculate 
and polysensory nuclei of the thalamus generate No, Po, and Na peaks 
of the middle components (Picton, et al., 1974). Muscle activity is 
quite variable and varies from individual to individual. They are 
activated by loud sounds. The sound elicited reflexes in the muscles 
are most evident at high intensity, possibly because of mediation by 
vestibular rather than cochlear receptors. They also require muscle 
tension for their elicitation. Therefore, a potential evoked by a 
moderate or low intensity sound recorded maximally at the vertex in 
a relaxed subject may be cautiously interpreted as intracranial in 
origin (Picton, et al., 1974). 
The individual components/peaks of the middle component are la-
beled No, Po, Na, Pa, Nb. These responses do not alter during sleep 
or sedation. These responses have good frequency specificity, and 
clear responses can be obtained with 500 Hz tone bursts (Gibson, 
1980) (see Appendix C). 
Animal and Adult Studies of 
the Middle Component 
A study by I. Hashimoto showed that, on intracranial measure-
ments (IC), a prominent positive wave, Pa, which follows the nega-
tive peak, Na, was recorded from the primary auditory cortex in man 
with a peak latency of 16 to 34 msec. The Middle Latency Response 
(MLR) consists of cortical as well as subcortical components, the 
subcortical (No, Po, and Na) being generated solely from the Ie and 
correlating with scalp electrode findings. Both No and Na have 
7 
their origins in the midbrain, probably representing postsynaptic 
activities within the inferior collicus. No comparable waves were 
recorded from the medial geniculate body (Hashimoto, 1982). 
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In monkeys, the peak, Na, was found to be 12 to 27 seconds for 
the middle component response and, in cats, 12 to 16 msec peak 
latency (Hashimoto, 1982). Kaga, Hink, Shinoda, and Suzuki also 
found the peak latency of Na to be 12 to 16 msec in cats. They used 
a neuromuscular blocking agent to rule out contamination of scalp 
recordings by muscle activity and found a correlation between Pa 
scalp recordings origin and intracranial recordings (Kaga, Hink, 
Shinoda, & Suzuki, 1980). The studies in animals of middle compo-
nents have prompted the increased interest in the use of testing 
middle components in humans. 
The middle component response was found to be as good or better 
a procedure as the ABR to measure near threshold responses in adults 
with normal ears (Ozdamar, Kraus, & Curry, 1982). This may be 
especially important in pediatric testing where there is no response 
in the ABR near threshold while there exists the middle component 
response. It seems that if the ABR is found not to be responsive, 
the middle component response should be tried. This study called 
for further research of the middle component in the hearing impaired 
and on normals. It is important for those doing low sound level 
responses not to limit their testing to the ABR but to also try the 
middle component response (Musiek & Glurkink, 1981). The middle 
component response has been found to be stable and the Pa peak 
component found in every adult tested. Therefore, the use of the 
middle component response as a clinical tool is appealing when no 
active participation of the subject is required. Thus, the middle 
component response may provide a convenient measure for clinical 
testing of cerebral and possibly thalamic function (Ozdamar, Kraus, 
& Curry, 1982). 
ABR and middle component responses were recorded 
in a patient with bilateral temporal lobe lesions. 
Initially, the patient showed no behavioral response 
to sound ABR, and acoustic reflex findings were con-
sistent with normal functioning of the auditory peri-
phery and brain stem pathway. Middle component peak 
Pa was absent bilaterally. These findings suggest that 
the middle component response peak Pa is bilaterally 
generated in the temporal lobes. Auditory cortex 
appears to playa role in auditory sensitivity in 
humans (Ozdamar, Kraus, & Curry, 1982, p. 229). 
Both middle component peaks, Na and Pa, and ABR wave V, were 
obtained from all subjects tested by Ozdamar and Kraus, approaching 
100 percent detectability at middle and high stimulus intensities. 
These components are found to be unaffected by sedation or sleep. 
The middle component's amplitude is not a function of intensity, 
and, as with the ABR, this connotes different neural origins for the 
middle component. The properties of the middle components with 
respect to stimulus intensity suggest that they are primarily a 
product of postsynaptic potential activity. Several lines of evi-
dence support the hypothesis that Pa is bilaterally generated. Both 
right and left hemispheres contribute equally to the Pa amplitude 
(Ozdamar & Kraus, 1983). 
There is little question that ABR is more useful 
as a test of hearing sensitivity than Middle 
Latency Response (MLR), as the detectability of 
wave V is more robust at low stimulus levels. Mid-
dle components are likely to be most clinically 
useful in patients with neurological and central 
auditory processing disorde~s (Ozdamar, Kraus, & 
Cu rry, 1983, p. 48). 
9 
10 
Middle Components from Neonates 
McRandle, Smith, and Goldstein in 1974 were first to report re-
peatable and stable middle components in neonates tested 36 to 72 
hours after birth. Usually the auditory assessment of the newborn 
has consisted of a generalized screening procedure, relying on overt 
behavioral movements as a response index. If the neonate fails this 
screening, electroencephalic audiometry may be recommended. Both 
early (ABR) and middle components have been used in hearing assess-
ment. Click-evoked wave V can be recorded within 20 dB HL in full-
term neonates and older infants. In the literature review, although 
the majority of literature on early components reports the use of 
clicks, more recent investigations include low and high frequency 
tone bursts. 
Middle components have been found to be stable in adults 
(~endel, Adkinson, & Harker, 1977). The middle components have been 
elicited with tonal stimuli, of low as well as high frequency, at or 
near threshold in adults and older infants (Mendel, et al., 1977). 
There is little research involving neonates. Middle components have 
been obtained with 55 decibel (db) hearing level (HL) clicks from 
neonates 12 to 72 hours of' age (Mendel, et al., 1977). The neonate 
Me was similar to adults in these cases. Middle components have 
been elicited with low level 1000 Hertz (Hz) tone pips from neonates 
less than four days of age (Wolf & Goldstein, 1980). The earliest 
peaks, Na, Pa, and Nb, have been easiest to identify in neonates. 
The effects of stimulus intensity follows the same pattern as with 
adults. Neonates' middle components were generally smaller in am-
plitude than in adults, but the frequency and intensity of the 
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middle components are similar to adults (Wolf & Goldstein, 1980). 
Mendel reported in 1977 that no information had been published 
on the middle component responses in infants between one month and 
one year of age. As a result of his study, it was found that most 
MRS activity occurs in the first 60 msec after the response (Mendel, 
Adkinson, & Harker, 1977). 
Mendel, Adkinson, and H~rker in 1977 found middle component 
responses could be reliably identified at levels of 30 dB and above. 
Only peak Pa showed increased amplitude as a function of increasing 
age. Latency values for infants were earlier than those of adults 
while amplitude was smaller (Mendel, 1978). When auditory evoked 
potentials were obtained from the premature, full term, and hypoxic 
infants, the characteristic peaks were in greater detail in the full 
term infant than in the other two groups. In general, the latencies 
of the premature infants were shorter than in the full term infant 
(Akiyama, Schulte, Schultz, & Parmlee, 1969). 
Clinical Application of 
Middle Components 
The middle component responses may provide a means for assessing 
the status of the central auditory pathways in children with delayed 
language and in patients with cortical lesions with disruption in the 
auditory process (Ozdamar & Kraus, 1983). The middle component tests 
the auditory system up to, but not beyond, the first response in the 
auditory cortex. The specific contribution of cortical and subcorti-
cal structures is still unknown. This response has potential for 
localizing midbrain lesions of the auditory pathways. To accurately 
assess the middle component response, muscle relaxation ;s essential 
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but sedation or sleep does not interfere with the response. There 
has been reliability in laboratory studies with adults and now 
neonates in obtaining the middle component response. The advantages 
of testing middle component responses are: 1) the stability of the 
response in different states of the subject, and 2) the absence of 
serious limitations of frequency in obtaining good responses. It 
offers the best hope for clinical determination of low-frequency 
thresholds by evoked responses in difficult subjects. The disadvan-
tages of testing the middle response is its susceptibility to inter-
ference by muscle. Artifact rejection techniques help overcome this 
problem (Davis, 1978). 
In Iowa, electroencephalic audiometry with middle components 
have been used only for those where behavioral results were unob-
tainable or equivocal. The youngest patient in this group was one 
month of age (Mendel, 1978). In 1978 Mendel reported middle compo-
nent response 2S a useful tool in routine clinical testing with 
auditory evoked potentials. A suggested protocol calls for the baby 
who is at risk for deafness to be referred for testing by the pedia-
trician. The baby is first tested for behavioral responses. Those 
babies who fail this test are scheduled for electroencephalic audio-
metry testing. A brain stem response is noted so that a relative 
threshold level is established, a middle component is then obtained 
in response to 500 Hz .tone bursts in each ear, then middle component 
up to 3000 Hz level (Mendel, 1978). 
In conclusion, the middle component has been elicited in humans 
by both the click and tone pip. This study used both of these to 
stimulate the auditory evoked response. No studies documenting 
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the middle component of preterm infants compared with preterm infants 
who have had intraventricular hemorrhage were found in the literature 
review. 
Intraventricular Hemorrhage (IVH) 
In the premature infant, intracranial hemorrhage is the most 
frequent neurologic disturbance (Volpe, 1978). The lesion of IVH is 
characterized by hemorrhage into the subependymal germinal matrix, 
usually at the level of the head of the caudate nucleus and less 
commonly the body of the caudate or the thalamus, which bursts 
through the ependyma and fills the ventricular system (Volpe, 1978). 
The incidence of IVH increases with lower gestational age and weight 
(Carey, 1983). In infants less than 35 weeks gestation, there was a 
40 percent occurrence of IVH, and in infants whose weight was less 
than 1500 grams, IVH had a 43 percent incidence (Volpe, 1978). 
All of the pathogenic factors of IVH are not understood. How-
ever, the strong association of IVH with prematurity, the distinctive 
periventricular locus of the lesion, and the strong association with 
perinatal asphyxia suggest the pathogenesis of IVH (Avery, 1981). 
The subependymal matrix is still present in the premature 
infant, and does not dissipate until term (Avery, 1981). This gela-
tinous area provides poor support for the vessels running through it 
(Volpe, 1978). Also, vascular autoregulation of the vessels has 
been shown to be impa{red or lost. That is, normally cerebral 
arterioles dilate when blood pressure falls and constrict when blood 
pressure rises. With the loss of autoregulation, cerebral blood 
flow becomes pressure-passive and depends on arterial pressure. When 
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arterioles are maximally dilated with hypoxia or hypercarbia, capil-
laries may break when exposed to arterial pressure into the subepen-
dymal germinal matrix (Carey, 1983). Volpe has suggested that IVH 
may also be iatrogenic due to the injudicious use of volume expanders 
and pressor agents during and after resuscitative efforts that cause 
the rupture of these capillaries to the impaired autoregulation of 
the vessels for cerebral blood flow (Volpe, 1978). 
The relationship of perinatal asphyxia with IVH is implied by 
the possible increase in venous pressure in the cerebrum. There is 
also evidence that vascular autoregulation is further impaired by 
hypoxia. Data suggest that some degree of endothelial injury occurs 
with hypoxic events (Volpe, 1978). 
The periventricular locus concept may be that this is also an 
area of subependymal germinal matrix. There is significant fibroly-
tic activity in this region in the premature infant that plays a 
role in encouraging bleeding (Volpe, 1978). Also in this region, 
there is a peculiar U-turn in the direction of blood flow, as the 
terminal, thalamostriate, and choroidal veins converge to form the 
internal cerebral vein. This U-turn change in the cerebrum is 
thought to promote venous stasis, congestion, increased intravascu-
lar pressure, and rupture (Avery, 1981). 
There are four grades of defined IVH: 1) petecchial bleeding 
limited to the subependymal periventricular white matter (Grade I), 
2) intraventricular hemorrhage without enlargement of the ventricles 
(Grade II), 3) intraventricular hemorrhage with enlargement of the 
ventricles (Grade III), 4) intracerebral hematoma with intraventri-
cular hemorrhage and enlargement of the ventricles (Grade IV) (Avery, 
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1981). A Grade IV bleed is highly associated with a mortality rate 
of 90 percent. Those who live are severely affected with varying 
degrees of mental retardation, spastic diplegia, and blindness 
(Avery, 1981). Volpe suggests that the precise outcome of IVH will 
be a major topic of research in the future (Volpe, 1978). The pre-
cise cause of the neurologic sequelae are unclear. It is important 
to identify these events due to the possible disruption in blood 
flow or damage to the area of the brain where the middle component 
originates. 
Research Questions 
1. What is the r~sponse of the middle component of the auditory 
evoked potential in the preterm infant who has not had IVH or 
severe hypoxia? 
2. What is the response of the middle component of the auditory 
evoked potential in the preterm infant who has had intraventri-
cular hemorrhage? 
3. Is the middle component response of the preterm infant who has 
not had IVH or severe birth asphyxia different from the middle 
component response of the preterm infant who has had intraven-
tricular hemorrhage? 
Definitions 
1. Auditory evoked potentials: It consists of electrical responses 
obtained from the scalp by an electrode in response to auditory 
stimuli. 
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2. Auditory brain stem response (ABR): The early component of the 
auditory evoked potential that occurs in the first 8 msec post-
stimulation. 
3. Middle component: The response of the auditory evoked potential 
that occurs 8 to 50 msec poststimulation. 
4. Preterm infant: The state of being born before the usual or 
expected time, less than 38 weeks gestation. 
5. Intraventricular hemorrhage (IVH): Bleeding that occurs in the 
intraventricular spaces of the brain. 
6. Severe birth asphyxia: Infants whose Apgar score at one minute 
was three or less. 
Assumptions 
1. Preterm infants have a middle component response 8 to 50 msec 
poststimulation in the auditory evoked potential. 
2. Preterm infants who have had intraventricular hemorrhage have a 
middle component on the auditory evoked response. 
3. The infants in this study are the same as all infants in the 
general population that meet the same criteria. 
4. The ultrasound technique used for diagnosis of IVH is an 
accurate diagnostic method for this event (IVH). 
5. When an auditory response is given, the neural response is the 
same as the averaged response recorded by the Nicolet Ca 1000. 
CHAPTER II 
METHODOLOGY AND RESEARCH DESIGN 
Goal 
The goal of this study was to compare the middle component of the 
auditory evoked potentials in preterm infants who have not had IVH or 
severe birth asphyxia with preterm infants diagnosed as having intra-
ventricular hemorrhage. 
Design 
The design used in this study was the static group comparison, a 
preexperimental design, in which one group had experienced an event, 
i.e., X, and another group had not (see Figure 1). In this study, the 
middle components of preterm infants who had not had IVH or severe 
birth asphyxia were compared with preterm infants who had experienced 
an intraventricular hemorrhage. This static group comparison design 
controls for history, testing, instrumentation, and regression. An 
area of possible concern with the static group comparison was in matu-
ration. Areas of weakness with the static group comparison design 
include selection, mortality, interaction of selection and X. All of 
these weaknesses affect the internal validity of the design. 
x 0 
o 
Adapted from Campbell & Stanley, 1970 
Figure 1. Static Group Comparison Schematic Drawing 
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Sample 
The sample for this study included patients admitted to the 
Newborn Intensive Care Unit at the University of Utah Medical Center. 
This was a convenience sample which could not be randomly assigned to 
groups due to the nature of the comparison event. One group consisted 
of preterm infants who had not had IVH or severe birth asphyxia and 
were tested at or after 34 weeks of age (regardless of gestational age 
at birth). The other group consisted of preterm infants tested at or 
after 34 weeks of age who also had intraventricular hemorrhage as 
diagnosed by ultrasound (regardless of the degree of the intraventri-
cular hemorrhage). This study included both males and females. No 
attempt was made to attain an equal number of males and females or to 
place restrictions on birth weight or current weight. Age was based 
on neurological and physical examination as performed by the physi-
cian. Age referred to the age at the time of testing which had to be 
greater than 34 weeks~ 
Data collection occurred over a three month period. Group I con-
sisted of five preterm infants who had IVH and Group II consisted of 
ten preterm infants who did not have IVH. 
Instrumentation 
The Nicolet CA 1000 was used to obtain the auditory evoked 
responses. Broad band ~lectroencephalic activity was recorded between 
service gold disk electrodes attached to C2 or FP2 (active) and 
mastoid ipsilateral (reference) to stimulus; the contralateral mastoid 
served as a ground. Broad band unfilt~red clicks, of positive polar-
ity, were generated by 0.1 millisecond (msec) electric pulse delivered 
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to an earphone (Telex TDH 50). The response was amplified 104• A 
band pass amplifier was set at 5 Hertz (Hz) to 250 Hz with a 6 deci-
bles (dB)/octave roll-off. Responses were averaged by the Nicolet CA 
1000 with input sensitivity at 25 microvolts. Equivalent peak sound 
pressure level (SPL) of the quick stimulus was measured 30 dB SPL 
(0.002 dynes/cubic centimeter squared). Routine daily biologic cali-
bration of the click was conducted. Indepth electroacoustic analysis 
of the continued sound pressure level, polarity, and frequency 
response is made semiannually. Electroacoustic assessment measures 
earphone linearity from intensity limits of the click generator (103 
dR HL) to the noise floor of test environment. The number of data 
points/quarter were 256. Rate presentation was 7.8 clicks/second, 
number of averages/wave form were a minimum of 1,000 and each wave 
form was replicated at least once. The patient was tested monoaurely 
at the intensity level of 70 dB (the normal adult threshold for 
stimulus). The tone pip had 1.3 milliseconds (msec) rise time, 3 msec 
plateau time and 1.3 msec delay time. The rate of tone pips was 7.B 
seconds at 1,000 Hz. Routine daily biologic assessments were made of 
the tone pip (as previously described with the click (see Appendix ~). 
Procedures 
The subjects were identified from records obtained from the 
Newborn Intensive Care Unit at the University of Utah Medical Center 
according to sample criteria. The written consent was obtained from 
the subject's physician and informed written consent (see Appendix E) 
was obtained from the baby's parents. After the explanation and 
informed consent was obtained and the sample criteria was met, the 
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middle evoked response was obtained at the time the auditory brain-
stem response was obtained by the audiologist. The testing was per-
formed 20 to 30 minutes after feeding and other normal nursing care 
had been provided for the baby to assure the baby's comfort. The 
testing was performed while each baby was asleep. The electrodes 
remained intact after the ABR was obtained with electrode impedence 
less than 10,000 ohms. Assessment of the baby was made during the 
testing for movement and comfort to decrease muscle activity. The 
baby remained in his/her isolette or crib and the baby was covered 
with blankets, etc., as before the procedure. After the responses 
were plotted, the electrodes were removed and the electrode paste 
washed away from the skin with water and soft net sponge. This 
procedure lasted 15 to 20 minutes. The middle component response 
time latency was recorded. This recording was obtained by a 
registered nurse and an audiologist. The only inconvenience was the 
extra time (15 to 20 minutes) to obtain the response. The baby's 
confidentiality of records and information were observed. 
CHAPTER III 
RESULTS AND DISCUSSION 
The data were analyzed at the University of Utah Computer 
Center. The Statistical Package for Social Sciences (Nie, Hull, & 
Bent, 1975) was used. 
Demographic Data 
There was a total of 15 subjects. The first group consisted of 
five preterm infants who had intraventricular hemorrhage (IVH). Two 
were male and three were female. The ages of this group ranged from 
34 to 35 weeks at the time of testing (mean 34.5 weeks). The ABR 
repsonses at 30 and 60 dB were normal for three of the five subjects. 
One subject had a prolonged response at 45 dB that suggested a mild 
hearing loss as recorded by the audiologist. The other subject had 
no response at 30 and 60 dB which indicated a significant hearing 
loss or abnormal conduction as recorded by the audiologist. 
The second group consisted of ten preterm infants who had not 
suffered intraventricular hemorrhage or severe birth asphyxia (Apgar 
at one minute above three). There were six males and four females 
tested. The age ranged from 34 to 40 weeks at the time of testing 
(mean 35.4 weeks, standard deviation 1.7). All of the subjects in 
this group had a normal ABR as recorded by the audiologist. 
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Hypothesis 1 
What is the response of the middle component of the auditory 
evoked potential in the preterm infant who has not had IVH or severe 
hypoxia? 
The response of the middle component of the auditory evoked 
potential in the preterm infant who has not had intraventricular 
hemorrhage (Group II) was elicited from six of the ten subjects who 
were tested. The first wave was described as Po, the second Na, and 
the third Pa, and the fourth as Nb. All subjects were tested first 
with the click at 1,500 Hz and then with the tone pip at 1,000 Hz. 
Those subjects who did not have a wave beyond Na were considered to 
have a negative middle component response. Tables 1 and 2 describe 
the middle component response of the ten subjects tested. 
The middle component occurs 8 to 50 milliseconds poststimulus 
(Gibson, 1980). In adults, middle component latencies have been 
labeled No, Po, Pa, Nb (Picton, Hillyard, & Galambos, 1974). Table 3 
describes the middle component as found by Picton, et al., 1974. 
McRandle, Smith, and Goldstein were the first to report the 
middle component in neonates. The neonate middle component was found 
to be similar to adults by Wolf and Goldstein, 1980. The earliest 
peaks have been found easiest to identify in neonates (Wolf & Gold-
Stein, 1980). Latency values for infants have been found to be 
earlier than those of adults while amplitudes were smaller (Mendel, 
1978). In general, the latencies of the premature infants were 











Response to Tone Pip - Group II 
(!! = 10) 






Response to Click - Group II 
(~ = 10) 







9.0 to 13.0 
13.4 to 18.2 
18.5 to 29.5 
21.6 to 36.0 
Range 
7.8 to 11.4 
11.4 to 16.2 
21.0 to 28.8 
24.6 to 36.1 
The latencies in this study were found to be earlier than in 
previous studies in adults, which corresponds with findings of 
others on the middle components of neonates and premature infants. 
Wave No was not recorded in this study. Waves Po, Na, and Pa were 
found to be most repeatable and were elicited from all subjects in 
this study. 
Hypothesis 2 
What is the response of the middle component of the auditory 
evoked potential in the preterm infant who has had IVH? 
The middle component response was elicited from three of the 
five preterm infants who had suffered intraventricular hemorrhage. 
Tables 4 and 5 summarize the response of the middle component of 
this group. 
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Those subjects who did not have a wave beyond Na were con-
sidered not to have a middle component response. With this group, 
Wave No latencies were not recorded. Waves Po and Na were found in 
all five subjects tested. As compared to adult middle component 
latencies, the middle component of the preterm infant with IVH 
occurred earlier, i.e., shorter latencies. There are no studies of 
the middle component of the premature infant with IVH known to this 
investigator. A study by Akiyama, et al., 1969, showed that prema-
ture infants' and hypoxic infants' peaks were in less detail than in 
the full term infant. 
Hypothesis 3 
Is the middle component response.of the preterm infant who has 










Adult Middle Component Latencies 
No Po Na Pa Nb 
8.9 12 16 25 36 
Adapted from Picton, Hillyard, & 
Galambos, 1974 
Table 4 
Response to Tone Pip -Group I (IVH) 
U! = 5) 
Mean Standard Deviation Range 
9.18 1.6 7.1 to 11.6 
15.30 2.5 12.0 to 18.0 
25.00 3.9 20.2 to 30.0 
32.40 3.0 29.4 to 35.5 
Table 5 
Response to Click - Group I (IVH) 
(~= 5) 
Mean Standard Deviation Range 
10.64 1.24 8.8 to 11.8 
13.70 2.40 10.0 to 16.4 
21.00 2.70 18.0 to 24.1 
28.30 3.50 28.1 to 28.6 
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component response of the preterm infant who has IVH? 
Two-tailed probability !-tests were used to analyze the data to 
compare Group I (preterm infants who had IVH) with Group II (preterm 
infants with a normal ABR, no severe birth asphyxia, and no IVH). 
Table 6 summarizes the results of the analysis. 
The difference between the two groups was not great enough to 
be of statistical significance. The hypothesis that there is a dif-
ference between the latencies of the middle component response of 
the preterm infant with IVH (Group I) and the preterm infants with-
out IVH (Group II) was rejected. This may be due to the small sam-
ple size or because the electrical potential of the origin of the 
middle component response was not affected by IVH. Akiyama, et al., 
1969, found the peaks of hypoxic and premature infants were less 
detailed than in the term infant. The latencies of the middle com-
ponent response of these two groups are similar in mean, range, and 
standard deviation. The peaks and morphology of the wave forms 
between these two groups were found to be similar on subjective 
comparison. 
Additional Findings 
It was a subjective finding of this study that the tone pip 
stimuli and recording resulted in a "clearer" and less "noisy" 
response recorded by the Nicolet CA 1000 than did the click stimuli. 
Other studies, i.e., Mendel, et al., 1977, and Wolf and Goldstein, 
1980, have used the tone pip to elicit the middle component response 
instead of the click stimuli. 
27 
Table 6 
Group I Compared with Group II 
Degrees 
Number of Standard Two-Tail of 
Cases Mean Deviation T-Value Probability Freedom 
Tone Po 
Group I 5 9.18 1.60 1.15 .270 13 
Group II 10 10.05 1.27 
Tone Na 
Group I 5 15.30 2.56 -.80 .440 13 
Group II 10 16.20 1 .63 
Tone Pa 
Group I 5 2.50 3.95 1 .45 .175 11 
Group II 10 21.80 3.74 
Tone Nb 
Group I 5 32.40 3.05 1.51 .175 7 
Group II 10 27.50 5.10 
Click Po 
Group I 5 10.64 1.24 1.59 .134 13 
Group II 10 9.93 1.21 
Click Na 
Group I 5 13.7 2.43 -.60 .558 13 
Group II 10 14.3 1.57 
Click Pa 
Group I 5 21.0 2.77 -1.66 .122 12 
Group II 10 23.5 2.40 
Click Nb 
Group I 5 28.3 .35 -.53 .617 6 
Group II 10 30.1 4.50 
CHAPTER IV 
SUMMARY 
The auditory evoked potential response provides an objective 
measurement of assessing auditory and neurological function. The 
middle component of the auditory evoked potential response occurs 8 
to 50 msec poststimulation. This middle component has been elicited 
from adults with the origin generated from within the midbrain 
(Davis & Silverman, 1978). This response has also been obtained 
from infants, and it has been suggested that this response be ob-
tained in addition to the ABR to assess hearing (Mendel, 1978). 
The purposes of this study were: 1) to describe the middle 
component response of the auditory evoked potential in the preterm 
infant who had IVH, 2) to describe the middle component response of 
the preterm infant who did not have IVH, and 3) to compare the 
middle component response of the preterm infant who had IVH with the 
preterm infant who did not have IVH. The design was a static-group 
comparison, a preexperimental design. 
The middle component was elicited from five preterm infants who 
had IVH and from ten preterm infants who did not have IVH. The mid-
dle component response~ of these two groups were described according 
to mean, range, and standard deviation. The two groups were then com-
pared to each other to determine a statistical difference between the 
middle component responses using paired !-test analysis. There was no 
statistically significant difference between the two groups on the 
middle component response of the auditory evoked potential. 
Conclusions 
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From this study it can be concluded that: 1) the latencies of the 
middle component response of preterm infants with IVH occur earlier 
than in adults, 2) the latencies of the middle component response of 
the preterm infants who do not have IVH occur earlier than in adults 
(these findings coincide with the findings of others), and 3) that 
there is no significant difference between the middle component laten-
cies of the preterm infant who has IVH and the preterm infant who has 
no IVH. This may be due to the small sample size: or because 
the electrical potential of the origin of the middle component 
response was not affected by IVH. 
Recommendations 
A large sample needs to be obtained to compare the middle com-
ponent latencies of preterm infants who have had IVH with preterm 
infants who have not had IVH. It may also he recommended to use only 
those preterm infants who have had a Grade III or IV IVH study. It 
would also be beneficial to record No latencies and compare these with 
ABR results. Finally, it would be interesting to try to obtain a 
middle component response on an infant who had no response on the ABR. 
One infant in this study who had IVH and had no ABR at 30 and 60 dB, 
but did have an ABR at 90 d~had a middle component response with 
latencies within the range of other infants in this study at 70 dB. 
o 
APPENDIX A 
ABR, SINGLE CHANNEL 
5 
Milliseconds 
Adapted from Gibson, 1980 
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APPENDIX 8 
COGNITIVE EVOKED POTENTIAL 
o 500 
Milliseconds 



















A COMPARISON OF NICOLET CA 1000 
SETTINGS OF ABR VS MCR 
TABLE 7 
Middle Component 
ABR Response (MCR) 
33.3 7.8 
10.0 25.0 
150 to 5 to 250 Hertz 
1500 Hertz (Hz) 
(Hz) 
32.0 32.0 
15 msec 100 msec 
Rise time 1.3 
Fall time 1.3 
Plateau 
3 at 1000 Hz 
A band of A band of 1500 Hz 




Slower click rate 
for the MCR. 
For the MCR, the 
computer will re-ject everything 
over 25 microvolts 
(related to the 
artifact rejection) 
The frequency range 
for the MCR is re-
duced 
The display size 
of the response 
To the time of the 
analysis post-
stimulus 
Stimuli at a lower 




A study to describe an additional response of preterm infants is 
being conducted. This study is performed at the same time as the 
routine hearing screening, already ordered for your infant by the 
physician. This test will take an additional fifteen to twenty min-
utes to perform along with the routine hearing screening which nor-
mally takes forty-five minutes to complete. This information is being 
collected by a registered nurse, Beverly A. Young, and an audiologist, 
Jill Hodgett. There is no charge for the additional testing. There 
are no known risks to your baby. There is the possible inconvenience 
of additional time required for this hearing test. The benefits will 
be increased knowledge of the hearing capacity in the preterm infant, 
which will be helpful to identify possible hearing problems of other 
babies in the future. 
In the event your baby sustains physical injury resulting from 
the research project in which he/she is participating, the University 
of Utah will provide, without charge, emergency and temporary medical 
treatment not otherwise covered by insurance. Furthermore, if the 
injuries are caused by "negligent acts or omissions of University 
employees acting in the course and scope of their employment, the 
University will be liable, subject to limitations prescribed by law, 
for additional medical costs and other damages sustained. If you 
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believe that physical injury to your baby has been suffered as a 
result of participation in this research program, please contact the 
Office of Research Administration, phone number 581-6903. 
I hereby agree to allow , my baby, to par-
ticipate in this study which will involve: 1) approximately fifteen 
minutes of additional hearing testing time, 2) the baby will need to 
be asleep, therefore, the test will be performed approximately thirty 
minutes after feeding and normal nursing care will be provided (as 
with the hearing test already ordered), 3) permission to the resear-
cher, Beverly A. Young, to review my baby's chart for medical infor-
mation. 
I understand that information about my baby collected during this 
time will be shared with me and all of my questions will be answered. 
I understand that participation in this study is voluntary and may be 
terminated at any time by withdrawing my consent without prejudice to 
my future care. I understand that my baby's identity and information 
regarding my baby will remain confidential. The researcher, Beverly 
A. Young, may be contacted at 485-5468. 
I have read the foregoing and my questions have been answered. I 
desire to approve my infant's participation in this study. I give my 
permission for information gathered in this study to be released to 









Physician __________________ ___ 
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